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A  B  S  T  R  A  C  T 
 
 
Light is one of the comfort factors in the environment, which unwittingly has a 
direct impact on the human beings. An environment without natural light can 
gradually cause illness. Light energy accounts for 25% of energy consumption, 
therefor it has a main rank in studies. 
As Shiraz is a southern city with considerable sunny days in a year, illuminance 
of this source can be studied more exactly equipment and convenient ways can be 
recognized in order to reach efficient use. 
First of all, the documents analyzed in an analytical-describtive method. Then, the 
studied issue had been observed in a sample place, and analyzed by the simulation. 
At last, a type of light guidance system had been used in order to offer the efficient 
light.Vertical light pipe has been analyzed, in order to provide the quality and 
quantity of office illuminance in medium depth plan building. Analysis Autodesk 
Ecotect 2010 version had been used for modeling and Radiance Control Panel for 
light analyze. 
The simulation results of the determined office room, had shown some issues such 
as, light dazzlement, light concentration and light reduction in the different hours of 
a day of the special months in a year. The findings suggest that, it’s possible to use 
sunlight for sufficient illumination by using DGS3, such as a lightpipes if daylighting 
process would be revised in the glare and illumination distribution in the different 
times. It also, offers that the light pipes can be used in the other types of buildings. 
 
1. Introduction  
At the end of twenty-century industry 
technologies had been emerged, biological environment 
and energy crisis had been introduced as main matter in 
human communities, which can indirectly have effects 
on greenhouse gas level. Architecture is not separated 
from this emergent phenomenon, because the energy 
usage amount in buildings has a great effect on the 
biological environment. [26] In the other side, the 
issues like combusting fossil fuels had been led to 
methods being developed in energy conversion 
technologies and energy management techniques. [5]  
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3 Dayligth guidance system 
Building industry has been one of the effective 
parts of sustainable progress in communities, in 
producing material industry, transmit, and energy, by the 
usage of 40% of the producing world energy. Omitting 
the role of daylight in building energy usage can cause 
increasing in electrical light usage to daylight efficient 
use in buildings level consumes. This makes problems 
like increasing greenhouse gas. The lighting matter in 
official buildings has more importance, because of its 
activity performing among other buildings. The official 
buildings are the spaces being used in daylight, therefore 
the potential of using daylight strategies is high in them. 
[30]  




Light is vital for forming activity, direction 
finding, beauty, making sense and emotion in spaces, 
motivating, completing emergent functions. [28] 
Actually natural light is a response to provide visual 
comfort and reducing energy consume in building. [29] 
Additionally convenient light in the duration of a day, 
have positive effect on efficiency and wariness of 
employees, while most of them don’t experience natural 
light in the length of the daytime. Work space is also vital 
in psychological and body comfort view, because of the 
time length that people spend in it. Although sunlight is 
always needed for natural light in buildings, the amount 
of needed illuminance for each building should be 
determined according to the building type and weather 
conditions, because of converting the distributed light to 
heat at last, [7] and according to standards and formula 
for calculation and estimating the amount of needed 
light. [6] Natural light is an essential factor because of its 
role in indoor activities and visual connection between 
interior and exterior environments. [17] 
 Different studies had demonstrated that daylight 
guidance systems [8] provide healthy environment and 
psychological benefits, in addition to illuminate deep-
plan buildings and increase efficiency in energy 
consumption, where daylight transfering is low from 
side windows. [3], [12] Moreover this technology is an 
efficient way to send light to areas in a building that, 
daylight exposure is limited in it. [2] Using light pipes, 
can significantly reduce the daytime energy 
consumption buildings throughout the country.  
As a result, electrical lighting usage will be 
reduced. Increasing the electric light usage lead 
occupants to pay their annaul extra bills and also extra 
energy usage that could be located instead of another 
emargant use. [15] Artificial lighting devices usage 
without sunlight and working situation at the 
environment for using daylight is neither healthy nor 
economical. Inorder to have a hormonic lighting device, 
and save energy, automatically illumination controller of 
the buildings can be used. [25], [27] 
Obviously, electric light as an energy 
consumption in a day is needed in the evening, but it is 
usually used during the day length. It’s the consequence 
of low rank design and ignoring sufficient windows. One 
of the alternatives that can improve the situation, are 
light-pipes, provide natural light for buildings if different 
annoying light factors would be considered. [15]If 
problems like lighting control would be solved, 
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undoubtedly building occupants prefer natural light and 
an exterior views. [16] 
The first official prototype of light pipe had been 
submitted in 1881 by William Wheeler. He pointed that, 
past designs had been existed for light transfer within 
walled hallways and open spaces, in order to make 
second illuminance from a light source. Actually his 
invention couldn’t use daylight source. In 1980s, new 
materials with high reflection ratio like metal covers, had 
been constituted recent materials. [11] 
Light losses modeling in bends were investigated by 
many researchers such as Saraiji et al. (1996) [24], Gupta 
et al. (2001) [1], and van Derlofske and Hough (2004) 
[9] for circular bend, Zhang and Muneer (2002) [31], 
Ellis et al. (2004) [23], Jenkins et al. [20] Daylight 
guidance systems4 [6] usually had been consisted of a 
light collection system (for harvesting daylight). One 
part is the light collectors that determine illuminance 
amount, a transfering part (that send the light over long 
distances into the building) and a part for distributing 
light. [10] Light distributing part uses clear or translucent 
distributer in order to distribute illumination evenly. 
Translucent type of that, has more light intensity, light 
penetration depth. Opaque distributer reduces 20% 
percentage of exit light. [11] Efficiency of a collector 
will be guaranteed when it would be studied by detailed 
monitoring during different times of each months in a 
year.  
One of the initial type of light pipes patented in Norway 
was a model with a tubular light guide with a roof 
parabolic mirror for transportation of daylight. [20] After 
that, some changes were performed in the form or 
closure of the transparenting material such as Sutton’s 
model, an initial transparent closure and second closure 
in a form of a pipe. The body material of light pipe is 
metal or plastic with high reflection ratio. 
Other prototype uses “a reflector located within the light-
permeable chamber and mounted above the roof line. 
Even when strategically positioned along the path of the 
sun, the use of an above roof reflector blocks a 
significant portion of the sunlight, which would 
otherwise enter the system and illuminate the building if 
the reflector was not present.” [14] 
Whitehead et al. suggested a type of light tube that has a 
transmittance between 0.95 and 0.97 in this year. The 
material used in this model is prismatic acrylic, and also 
there had been some progress in metallic coating and 
new materials like films simultaneously. Some 




commercial pipes adventured, that had different 
equipment according to different uses. 
They had some changes in components, like 
incorporating bends around building structural 
components and new material like films used as 
transferring part. These components can harvest needed 
indoor illuminance, when it is distributing by light 
diffuser. After this progression, cone shape constituted 
with other shape that has a longer area concentrated on 
delivering instead of collecting energy.“Compared to 
previous parts of light pipe system, O'Neil's tubular 
skylight uses light tube of cone shape instead of straight 
column shape.”[31] 
Az Shiraz is a southern city with a lot of sunny hours in 
a year [19], illuminance of this source can be studied 
more exactly, equipment and convenient ways be 
recognized in order to efficient use of that. In recent 
years, technologic building facilities had been 
adventured. However, using these technologies needs to 
guarantee efficiency of these facilities that guide us to 
analyze these phenomenons. One of the main problems 
that had been observed during analyze of initial light 
pipes, was the loss of reflection ratio that influences the 
restitution of the light transferring. The other problem 
observed, was extra illuminance that makes heat in hot 
months. 
 Initial light pipes couldn’t provide sufficient light in the 
first and last hours of occupancy time to solve these in 
this paper. Base on the mentioned drawbacks, the main 
objective of the present study was to simulate the 
performance of light tubes. Furthermore, the present 
study was used to anwser the following scientific 
questions: 
- Does the light pipe have efficient illumination in a 
year at work times? 
- What is the best diameter of the light pipe to work 
efficiently?  
- How is the uniformity of light pipe in a light 
distribution? 
2. Materials and Methods 
2.1. Studied Room characteristics and location 
It had tried to describe the issue by attending in 
the place by capturing the photos as an observation 
equipment. After that, the text had been presented by 
analytical discribtive method, then a simulation was 
done to analyze the existent situation and proof the 
problem. Providing efficient daylight and energy crisis 
had been mentioned as the main goal. At last , a second 
simulaion was done, inorder to analyse efficiency of 
vertical transfer light pipe in medium depth building. 
Analysis Autodesk Ecotect software (2010, version) 
had been used to model and Radiance Control Panel for 
light analyze. Illuminance of each space had been 
selected according to different illumination standard. 
The size of light pipe should be adjusted according to 
space size, and other light amount needed at the end of 
the room and location, directly have influence on the 
heat gained through lighting. 
In the present study, vertical light pipe of Light 
way company has been analyzed, in order to provide the 
quality and quantity of office illuminance, in medium 
depth plan building. The room that had been considered 
in this research, is a room with the only southern side 
window in an official building. 
The characteristics of this room had been shown in 
below figure. The analyzed room had been simulated in 
different alternatives. The first one is a room with the 
southern window light source, and the second one is a  
 
Figure1: electric light, Iran national document center, shiraz. A sample to 
show light loss in medium office depth. 
 
 
Figure2: room plan 
 
Figure3: room section 




room with two light source, which one of them is the 
light pipe, located on the ceiling and the second is the 
southern side window. According to the regulations  
consideration of constructions system, window’s area is 
maximum 20% of southern facade area.  
There can be considering 70cd\m2 for each meter 
height. Light distribution is even by changing ceiling 
height. [13] 
As mentioned before the room simulated was located in 
Shiraz, Iran. It’s latitude and longitude is 29.30 and 
52.35 degrees. One of the main goals of lighting design 
with daylight, is to provide light uniformity in different 
parts of interior space. The illuminance entered from 
side window, usually is high near the window and very 
low at the end of the room. The main point in this field, 
according to evidences is that high illuminating in a part 
of a room cannot avoid turning on electric lamp in that 
room. 
This is the light uniformity, which has effective role in 
this problem. Even in a sunny sky, low uniformity ratio 
can make a dark sense in a space. Actually, it has been 
tried to avoid shadows and unequally distribution of 
light, by using light pipes. One of the examples is great 
light contrast in different parts of the room and guide 
occupants using artificial light.  
 According to calculations, dimentions of the 
window has been defined 180*180m. The work surface 
height is 80cm, the roof height 3.70 meter, and 2.70 
meter the height from the ground to false cieling. 
Reflection ratio of ceiling is 0.70, and walls and the 
ground are 0.56. In this simulation, material with high 
reflection approximately 0.85 like mirror 
characteristics has been used. In entering part, a glass 
with aluminum frame has been used by transfer ratio of 
0.75. The exiting part of the transferring light pipe, also 
had been covered with wooden frame glass, that its 
transfer ratio is 0.73. 
.2.2 Chanel properties/ 
 
   
Figure 5: Standard design of light-pipe as produced by Light Way model. 
[14] 
3.Results 
 This paper proposes that, the type of light pipe 
acts well in hot months, and in other months, it’s below 
the sufficient intensity. It can sufficiently act in two 
 
Figure4: daylight and electric light, Iran national document center, shiraz. 
A sample to show daylight loss in medium office depth  
 
Figure 6: Light amount in three months from side window 
 
 





























meter radius approximately for usual tasks. On the other 
side, by analyzing both sources in the room, it is clear 
that in some hours in different months, light intensity is 
higher than normal ranges, and it is annoying for 
occupants. 
.13 .Quantity of illuminance 
The quantity of illuminances had been concluded 
from simulation in a clear and sunny sky, and it had been 
analyzed in the southern façade on the height of work 
surface 80 centimeter. As it said before, this room has 
two light source, side window, and vertical light pipe. 
As it has shown in the data charts, sufficient illuminance 
had been provided in January, February, September, 
October, November, December, August, in the middle 
hours of the day. In the initial hours of the day, 
 
Figure 8: room section Illuminance amount in three months from side window 
Chart (1). Maximum illuminance amount on the work surface at the depth of 7meter (lux) 
Month of the year 7 8 9 10 11 12 13 14 15 16 































































































































illuminance is not sufficient but, gradually it had been provided by soaring the sun. In the other side, on 22th of June, 
illuminance of the space had been provided, while it made increasing in illuminance heat, that causes occupant 
discomfort and it should be considered.
3.2. Quality of illuminance  
3.1. Light uniformity  
 


































































0.126 0.107 0.114 0.149 0.149 0.55 0.99 0.206 0.206 0.145 0.1269 0.1269 
Analyzing light uniformity in different months showed that in the hot months like June and July, this factor is 
near the standards, but in other months they ‘re below acceptable ratio. Therefore, illuminance amount of light pipe, 
the workplace position, and window position should be reconsidered and changed.  
 
Chart (3) Uniformity of whole room on the work plane at 12 ‘o clock in a year 
 
According to the analysis extracted from simulations, problems like not having uniformity, glare, not having 
sufficient illuminance at the end depth of the room, not having sufficient sight, had been observed that can be solved 
with second light source and the changes in reflecting material.  
It has been cleared that in different months, light pipe is efficient in January, April, May, July, September, and its 
efficiency has been increased, when it closes to midday times. 
 







































































0.0825 0.085 0.066 0.149 0.1491 0.197 0.003 0.206  0.107 0.145 0.126 0.082 

















Also dispersed reflections at seven a.m. and four 
p.m. had been reported according to simulated plans, 
while analyzing the uniformity at the end of the room 
showed, low light intensity and low light uniformity for 
most points of the room had been observed, and normal 
range in August as a sample. 
These defections should be considered to solve. In other 
times, light intensity is lower than considered light 
standard, except at 13‘o clock.   
In the distribution matter, the results had shown that 
dispersed light had been diminished in October and 
September, and it faces with concentration of light 
distribution in some months about 12 o’clock. Actually, 
in months such as June and July. 
 According to analyzed data of whole months through a 
year, in April, May and August, this light pipe cannot 
afford sufficient illuminance for usual tasks or clients 
waiting seats. It’s better to change the reflective 
materials in transferring part or change the system to get 
another result. It’s obvious that the room depth has 
direct effect on harvested illuminance at the end of the 
room. June is a month with maximum illuminance, that 
is higher than standards. 
Although one pipe can provide sufficient 
illuminance for 4 meter width, but the illuminance is not 
enough at the end points of the room. Adding pipes can 
help us to reach standard illuminance of the space. 
Optimum distance can be gained by analyzing different 
length of the room. 10 ,8 ,6 meters room width is not 
supported by one pipe. Light distribution and light 
amount is below acceptable standards. The width more 
than 4 meter needs more than one pipe. Best destination 
tube and window, in the room with 8 meter width is 3 
meter and should use more than 1 window in order to 
provide sufficient light in this width. The illuminance of 
the room with 10 meter width is not supported by two 
window illuminance. 
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Figure 10: Uniformity in Workhours in August5 at the depth of 7m in the room 







































Studies showed that illuminance is not sufficient for 10 meter depth at 9 o’clock and 12 o’clock. The observed 
illuminance is below the officer and clients standard lights. 
4. Conclusion 
 As energy crisis building industry becomes one of the 
effective parts of sustainable progress in 
communities, it guides us to provide efficient light, by 
using lightpipes as daylight guidance system. 
Evidances show that the darkness of sidelight rooms 
in more than seven meter depth, and the electric lamps 
are being used. The quantity of illuminances is  
concluded from simulation in a clear and sunny sky, 
and it is analyzed in the southern façade on the height 
of work surface 80 centimeter. Dispersed reflections 
at seven a.m. and four p.m. on June 1st are observed 
from simulated plans, while analyzing the uniformity 
at the end of the room showes, low light intensity on 
the January1st at 7 a.m. is 21.82 lux and low light 
uniformity for most points of the room as a sample 1st 
of June with range of 0.003 unifromity for whole 
room, and normal range of uniformity in August as a 
sample. This light pipe cannot afford sufficient 
illuminance for usual tasks or clients waiting seats in 
all months through a year, except in April, May and 
August. 
The light pipe provides a sufficient illuminance in 
January, February, September, October, November, 
December, August at the 11, 12 a.m. In the 7, 8 a.m., 
the illuminance is not sufficient but, gradually it is 
provided by soaring the sun. In the other side, on 22th 
of June, illuminance of the space is provided, while it 
makes increasing in the illuminance heat that causes 
occupant discomfort, and it should be considered. As 
it infered from the text, 10, 8, 6 room width is not 
supported by one pipe. Light distribution and light 
amount is below acceptable standards. The width 
more than 4 meter needs more than one pipe. Best 
destination tube and window in the room with 8 meter 
width is 3 meter and should use more than one 
window in order to provide a sufficient light amount 
in this width. 
Analyzing uniformity results of the light pipe in a 
sidelight room showes that, in the hot months like 
June and July this factor is near the standards, but in 
other months, they‘re below acceptable. It’s higher in 
spring and autumn. Therefore, daylighting process 
should be revised in the glare and illumination 
distribution in the different times.
    4.1. Objective 
In order to improve health and comfort in buildings, reducing energy demand and energy costs daylighting systems 
had been used. In this research, intensity and defections of effective factors like light sufficiency and uniformity 
  
Figure 11: Illuminance of a room with 10 meter width on June 22th at 9 and 12 o’clock. 
  
Figure 12: Illuminance of a room with 10-meter depth on June 22th at 9 and 12 o’clock. 
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had been compared and analyzed. Window size and position, contrast amount, light uniform distribution, annoying 
reflections, convenient color temperature, sufficiency of illuminance, are parts of these factors. According to 
simulations in the first level, matters like glare, light concentration, light insufficiency had been shown in some 
hours. In the second, simulation it had been tried to diminish glare by adding light pipe at the end of the room, 
increasing amount of light by reducing the destination between main and false ceiling. Findings suggest that this 
light pipes could also be used in other types of buildings, if the issues like glare and illumination distribution would 
be solved. 
5.  Acknowledgment 
5.1. light sufficiency  
Working in different spaces needs enough light in the position of working tasks that affects visual comfort. This 
factor can be controlled by the amount of light that distributed through the light tubes. The signs that light loss can 
be concluded from in working space, are changing the work surface position to get more light, or moving the 
worker to get closer to the tasks.  
 
Chart (4) standard illuminance for different places. [4] 
Minimum suggesting Offices and department  
200 500 Common works 1 
300 600 Writing machine and dictation space 2 
300 600 accountancy, accounting and indicator machine 3 
100 030  Archive  4 
500 100 Drawing room 5 
200 500 Conference room 6 
150 500 Waiting and information room 7 
100 150 Stairs 8 
50 150 common works 9 
100 200 shelves in vertical surface  1 
100 200 Study room 2 
300 500 Study desk 3 
 
5.2. Light distribution 
“To avoid complaints about non-uniform lighting, 
it is necessary to have limits on how much the 
illuminance on any single work surface is allowed to 
drop below the average. For any individual work 
surface, like a desk, the illuminance uniformity (the 
ratio of the minimum illuminance /average 
illuminance) should not be fewer than 0.7. U.R= 
M.L/A.L Most offices are furnished with many desks 
or workstations. To ensure different desks or 
workstations are perceived to be treated equally, “the 
illuminance uniformity (minimum average 
illuminance on the desks/ overall average 
illuminance) should not be fewer than 0.7. This 
illuminance diversity criterion applies to electric 
lighting designed to produce a uniform illuminance 
across the whole working plane, where there is 
daylighting from side windows, or where individual 
control of the light output from luminaires is used, the 
illuminance uniformity criterion should be ignored.” 
[22] Thanks dr. Jaafari for advising during completing 
the paper. 
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